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SOLID-STATE IMAGE SENSING DEVICE
MANUFACTURING METHOD AND
SOLID-STATE IMAGE SENSING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This divisional application is based upon and claims the
benefit of priority under 35 U.S.C. §120 from U.S. applica-
tion Ser. No. 13/838,110, filed Mar. 15, 2013, which claims
priority from prior Japanese Patent Application No. 2012-
202960, filed Sep. 14, 2012, the entire contents of which are
incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a solid-
state image sensing device manufacturing method and a
solid-state image sensing device.

BACKGROUND

Solid-state image sensing devices such as CCD image
sensors and CMOS image sensors are used for various pur-
poses in, for example, digital still cameras, video cameras, or
surveillance cameras. Single-plate image sensors that acquire
information for a plurality of colors by a single pixel array are
mainly used.

In recent years, back side illumination type image sensors
that bring in light from a subject from the back side of a
semiconductor substrate have been under development.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagram showing an example of the chip layout
of'a solid-state image sensing device according to an embodi-
ment;

FIG. 2 is a diagram showing an example of the sectional
structure of the solid-state image sensing device according to
the embodiment;

FIG. 3 is an equivalent circuit diagram of a pixel array and
circuits located in its vicinity in the solid-state image sensing
device according to the embodiment;

FIG. 4 is a plan view showing an example of the layout in
the pixel array of the solid-state image sensing device accord-
ing to the embodiment;

FIG. 5 is a sectional view showing the structure of a cell
included in the solid-state image sensing device according to
the embodiment;

FIG. 6 is a sectional process view showing a process in a
method of manufacturing the solid-state image sensing
device according to the embodiment;

FIG. 7 is a sectional process view showing a process in a
method of manufacturing the solid-state image sensing
device according to the embodiment;

FIG. 8 is a sectional process view showing a process in a
method of manufacturing the solid-state image sensing
device according to the embodiment;

FIG. 9 is a sectional process view showing a process in a
method of manufacturing the solid-state image sensing
device according to the embodiment;

FIG. 10 is a view showing modifications of the solid-state
image sensing device according to the embodiment;

FIG. 11 is a view showing modifications of the solid-state
image sensing device according to the embodiment;

FIG. 12 is a view showing modifications of the solid-state
image sensing device according to the embodiment;
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2

FIG. 13 is a view showing modifications of the solid-state
image sensing device according to the embodiment; and

FIG. 14 is a view showing an application of the solid-state
image sensing device according to the embodiment.

DETAILED DESCRIPTION

[Embodiments]

Hereinafter, an embodiment will be described in detail
with reference to the drawings. Elements having the same
functions and configurations are provided with the same ref-
erence signs in the following explanation, and are repeatedly
explained when necessary.

In general, according to one embodiment, a solid-state
image sensing device manufacturing method includes form-
ing a photoelectric converting element, a diffusion layer
included in a floating diffusion, and a read transistor, in a
photoelectric converting element formation region of a semi-
conductor substrate, a floating diffusion formation region,
and a read transistor formation region located between the
photoelectric converting element formation region and the
floating diffusion formation region, respectively; and form-
ing a first semiconductor layer including a first impurity on
the diffusion layer on a first surface of the semiconductor
substrate.

(1) First Embodiment

A solid-state image sensing device and a solid-state image
sensing device manufacturing method according to the first
embodiment are described with reference to FIG. 1to FIG. 9.

(a) Structure

The structure of the solid-state image sensing device
according to the first embodiment is described with reference
to FIG. 1 to FIG. 5.

FIG. 1 is a schematic diagram showing a layout example of
a chip of the solid-state image sensing device (hereinafter
referred to as an image sensor) according to the present
embodiment. FIG. 2 is a schematic sectional view showing
the structure of the image sensor according to the present
embodiment.

As shown in FIG. 1 and FIG. 2, in an image sensor 100
according to the present embodiment, a pixel array 120 and a
peripheral circuit region 125 in which an analog circuit or
logic circuit for controlling the pixel array 120 are formed is
provided in one semiconductor substrate (chip) 150.

An Si single crystal substrate (bulk substrate) or an epi-
taxial layer of an SOI substrate is used as the semiconductor
substrate 150.

The pixel array 120 includes a plurality of unit cells UC.
The unit cells (unit cell regions) UC are arranged in matrix
form in the pixel array 120.

Each unit cell UC includes a photoelectric converting ele-
ment for converting light from a subject (external light) to an
electric signal. One unit cell UC includes at least one photo-
electric converting element. A pixel is formed by using the
photoelectric converting element. A region in which a pixel is
formed inside the unit cell is called a pixel region. Each pixel
region includes one photoelectric converting element.

The unit cells UC adjacent to each other, the pixel regions
adjacent to each other, and photoelectric converting element
adjacent to each other are separated by a device isolation
region 9. A formation region of each unit cell UC or each
photoelectric converting element is surrounded by the device
isolation region 9.

For example, a photodiode is used to form a photoelectric
converting element 1. As shown in FIG. 2, the photodiode 1 is
formed by at least one impurity layer in the semiconductor
substrate 150. The photodiode 1 photoelectrically converts
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the light from the subject to an electric signal (charge, volt-
age) corresponding to the amount of light. The photodiode 1
can store the generated charge in the impurity layer.

The unit cell UC includes a floating diffusion as a signal
detector.

A diffusion layer (impurity semiconductor layer) 60 as a
floating diffusion 6 is provided in the semiconductor substrate
150. The diffusion layer 60 as the floating diftusion 6 tempo-
rarily holds a charge output from the photodiode 1 via a
later-described field effect transistor 2.

A semiconductor layer 61 is provided on the diffusion layer
60. The semiconductor layer 61 is used as the floating diffu-
sion 6 together with the diffusion layer 60. Hereinafter, the
semiconductor layer 61 which forms the floating diffusion 6
and which is provided on the semiconductor substrate 150
will also be referred to as an elevated floating diffusion.

A read transistor 2 is provided on the semiconductor sub-
strate 150 between the photodiode 1 and the floating diffusion
6. A gate electrode 20 of the read transistor 2 is provided on a
channel region within the semiconductor substrate 150 across
a gate insulating film 21.

The unit cells UC (pixels) are used to form the image
sensor 100. The unit cell UC may include other components
in addition to the at least one photodiode 1, the floating
diffusion 6, and the read transistor 2, in accordance with the
circuit configuration of the image sensor 100. For example,
the unit cell UC includes an amplifier transistor and a reset
transistor as the components.

As shown in FIG. 1 and FIG. 2, the peripheral circuit region
125 is provided in the semiconductor substrate 150 to be
adjacent to the pixel array 120 across a device isolation region
9.

Circuits such as a later-described vertical shift register and
an AD conversion circuit are provided in the peripheral circuit
region 125.

The peripheral circuit region 125 is electrically isolated
from the pixel array 120 by the device isolation region 9. For
example, a device isolation insulating film 91 having an STI
structure is embedded in the device isolation region 9 for
dividing the peripheral circuit region 125.

A plurality of devices such as a field effect transistor 7, a
resistive element, and a capacitive element are used to form
the circuits in the peripheral circuit region 125. In FIG. 2, the
field effect transistor 7 is only shown for simplicity. Although
one field effect transistor is only shown in FIG. 2, a plurality
of devices to form peripheral circuits are provided on the
semiconductor substrate 150.

For example, in the peripheral circuit region 125, the field
effect transistor 7 is provided in a well region 159 within the
semiconductor substrate 150. Two diffusion layers (impurity
layers) 73 are provided in the well region 159. The two
diffusion layers 73 function as the source/drain of the tran-
sistor 7. A gate electrode 70 is provided on the surface of the
well region (channel region) between the two diffusion layers
73 via a gate insulating film 71. Thus, the field effect transistor
7 is formed in the well region 159.

A plurality of interlayer insulating films 92 are stacked on
the semiconductor substrate 150 to cover the gate electrodes
20 and 70 of the transistors 2 and 7 and the upper surfaces of
the photodiode 1. For example, silicon oxide is used for the
interlayer insulating films 92.

A multilayer interconnection technique is used for the
image sensor 100 according to the present embodiment. That
is, a plurality of interconnects 80 are provided in the stacked
interlayer insulating films 92 in accordance with each inter-
connect level (height based on the surface of the substrate).
By plugs 81, CP1, and CP2 that are respectively embedded in
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the interlayer insulating films 92, the interconnects 80 are
electrically connected to other interconnects located at difter-
ent interconnect levels. A dummy layer and a light blocking
film made of the same material as the interconnects 80 may be
provided in the interlayer insulating films 92.

The gate electrodes 20 and 70 of the transistors 2 and 7, the
source/drain diffusion layers 73, and terminals of the devices
formed on the semiconductor substrate 150 are connected to
the interconnects 80 in the interlayer insulating films 92 via
the contact plugs CP1 and CP2. The lower interconnect 80
and the upper interconnect 80 connect the devices provided
on the semiconductor substrate 150 via the via plug 81
embedded in the interlayer insulating films 92. Consequently,
the circuits in the image sensor 100 are formed by the multi-
layer interconnection technique.

In the present embodiment, a surface in which devices are
formed, more specifically, the surface of the semiconductor
substrate 150 in which the gate electrodes 20 and 70 of the
transistors 2 and 7 are provided is referred to as a front surface
(first surface) of the semiconductor substrate 150. The inter-
layer insulating films 92 and the interconnects 80 that are
formed by the multilayer interconnection technique are pro-
vided on the front surface of the semiconductor substrate 150.
Hereinafter, the surface of the semiconductor substrate 150
opposite to the front surface (the surface opposite to the front
surface) ina direction perpendicular to the front surface of the
semiconductor substrate 150 is referred to as a back surface
(second surface, rear surface). In the present embodiment, the
front surface and back surface of the semiconductor substrate
150 are referred to as the main surface of the semiconductor
substrate 150 when not distinguished from each other.

A via (hereinafter referred to as a through via or a through
electrode) 88 A is formed in the semiconductor substrate 150,
for example, by a through substrate via (TSV) technique to
pass through the semiconductor substrate 150 from the front
side of the semiconductor substrate 150 to the back side (rear
side). An insulating layer 98 A is provided on the inner surface
of the through-hole (opening) formed in the semiconductor
substrate 150.

The through via 88A is connected to the interconnect 80 in
the interlayer insulating films 92 via the contact plug CP2.
The through via 88A is connected to a pad (electrode) 89
provided on the back side of the semiconductor substrate 150.
The pad 89 is provided on an insulating layer (planarizing
layer or protective layer) 97 on the back surface of the semi-
conductor substrate 150.

For example, in the present embodiment, a color filter 117
is provided on the back side of the semiconductor substrate
150 via a protective layer (not shown) and an adhesive layer
(not shown), as shown in FIG. 2.

The color filter 117 is provided at a position corresponding
to the pixel array 120 on the back side of the semiconductor
substrate 150. For example, the image sensor 100 according
to the present embodiment is a single-plate image sensor. The
color filter 117 used in the single-plate image sensor has a
plurality of dye films corresponding to a plurality of colors
(color information) included in the light from the subject.

The color filter 117 includes the dye films corresponding to
red, blue, and green based on, for example, a bayer arrange-
ment. One dye film is provided to correspond to one photo-
diode (pixel) 1. The color filter 117 may include white and
yellow dye films in addition to the red, blue, and green.

A microlens array 118 is provided on the color filter 117 on
the back side of the semiconductor substrate 150. The micro-
lens array 118 includes a plurality of microlenses correspond-
ing to the respective photodiodes 1.
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In the image sensor 100 according to the present embodi-
ment, the color filter 117 and the microlens array 118 are
provided on the surface (back surface) of the semiconductor
substrate 150 opposite to the surface (front surface) in which
the gate electrodes 20 and 70 of the transistors 2 and 7 and the
interlayer insulating films 92 are provided.

The light from the subject is applied to the pixel array 120
from the back side of the semiconductor substrate 150 via the
color filter 117, and brought into the photodiode 1.

A support substrate 119 is provided on the interlayer insu-
lating film 92. The support substrate 119 is stacked on the
interlayer insulating film 92, for example, via a protective
layer (not shown) and an adhesive layer (not shown). For
example, a silicon substrate or an insulating substrate is used
for the support substrate 119. The semiconductor substrate
150 having the devices formed therein intervenes between the
support substrate 119 and the color filter 117.

In the present embodiment, the surface to receive the light
from the subject is the back surface of the semiconductor
substrate 150 to which the color filter 117 and the microlens
array 118 are attached.

An image sensor, such as the image sensor 100 according
to the present embodiment, having a structure in which light
from the back side of the semiconductor substrate 150 is
applied to the photodiode 1 is referred to as a back side
illumination type image sensor.

An example of the circuit configuration of the pixel array
120 included in the image sensor 100 according to the present
embodiment is described with reference to FIG. 3.

FIG. 3 is a diagram showing a circuit configuration
example of the pixel array 120 and circuits in its vicinity.

As shown in FIG. 3, the unit cells UC are arranged in the
pixel array 120. Each unit cell UC is provided at the intersec-
tion of read control lines RD1 and RD2 and a vertical signal
line VSL.

The unit cell shown in FIG. 3 has a two-pixel one-cell
structure in which one unit cell UC includes two pixels. In the
unit cell UC having the two-pixel one-cell structure, one
floating diffusion 6 is shared by two photodiodes 1A and 1B.

The unit cell UC includes, for example, five transistors 2A,
2B, 3, 4, and 5. Each of the transistors 2A, 2B, 3, 4, and 5 is,
for example, an n-channel MOS transistor. The transistors
included in the unit cell UC are, for example, read transistors
2A and 2B, an amplifier transistor 5, an address transistor 4,
and a reset transistor 3. In the unit cell UC having the two-
pixel one-cell structure, the two read transistors 2A and 2B
are provided to correspond to the photodiodes 1A and 1B,
respectively.

The anodes of the photodiodes 1A and 1B are connected to
a fixed voltage line, and are, for example, grounded (con-
nected to a ground terminal). The cathodes of the photodiodes
1A and 1B are connected to the floating diffusion 6 via the
current paths of the read transistors 2A and 2B, respectively.
As described above, the photodiodes 1A and 1B convert the
light which has passed through the microlens and the color
filter to an electric signal (signal charge), and store the charge.
Hereinafter, the photodiodes 1A and 1B are referred to as the
photodiode 1 when not distinguished from each other.

Each of the read transistors 2A and 2B controls the storage
and transfer of the signal charge of each of the photodiodes
1A and 1B. The gates of read transistor 2A and 2B are con-
nected to the read control line RD1 and RD2, respectively.
One ends of the current paths of the read transistors 2A and
2B are connected to the cathode of the photodiode 1A and 1B,
respectively. The other ends of the current paths of the read
transistors 2A and 2B are connected to the floating diffusion

10

15

20

25

30

35

40

45

50

55

60

65

6

6, respectively. Hereinafter, the read transistors 2A and 2B are
referred to as the read transistor 2B when not distinguished
from each other.

In the unit cell UC having the two-pixel one-cell structure,
the reset transistor 3, the address transistor 4, and the ampli-
fier transistor 5 are shared by the two photodiodes 1A and 1B.

The reset transistor 3 resets the potential of the floating
diffusion 6 (the gate potential of the amplifier transistor 5).
The gate of the reset transistor 3 is connected to areset control
line RST. One end of the current path of the reset transistor 3
is connected to the floating diffusion 6 and the other end of the
current path of the reset transistor 3 is connected to a power
supply terminal (for example, ground terminal).

The address transistor 4 functions as a selecting element to
select (activate) the unit cell UC. The gate of the address
transistor 4 is connected to an address control line ADR. One
end of the current path of the address transistor 4 is connected
to the other end of the current path of the amplifier transistor
5 and the other end of' the current path of the address transistor
4 is connected to the power supply terminal (for example,
ground terminal).

The amplifier transistor 5 amplifies a signal from the pho-
todiode 1 held by the floating diffusion 6. The gate of the
amplifier transistor 5 is connected to the floating diffusion 6.
One end of the current path of the amplifier transistor 5 is
connected to the vertical signal line VSL and the other end of
the current path of the amplifier transistor 5 is connected to
one end of the current path of the address transistor 4. The
signal amplified by the amplifier transistor 5 is output to the
vertical signal line VSL as a signal of the unit cell (or pixel).
The amplifier transistor 5 functions as a source follower in the
unit cell UC.

A vertical shift register 133 is connected to the two read
control lines RD1 and RD2, an address control line ADR, and
a reset control line RST. The vertical shift register 133 con-
trols the potentials (signal levels) of the read control line RD1
and RD2, the address control line ADR, and the reset control
line RST to control and select a plurality ofunit cells UC (and
pixels) inside the pixel array 120 in rows. The vertical shift
register 133 outputs a control signal (voltage pulse) to turn
transistors 2A, 2B 3 and 4 on and off to control lines RD1,
RD2, ADR and RST, respectively.

An AD conversion circuit 131 is connected to the vertical
signal line VSL. The AD conversion circuit 131 includes a
processing unit PU to convert an analog signal from the unit
cell into a digital signal or to perform correlated double sam-
pling (CDS) processing of a signal from the unit cell UC.

A load transistor 134 is used as a current source for the
vertical signal line VSL. One end of the current path of the
load transistor 134 is connected to one end of the current path
of the amplifier transistor 5 via the vertical signal line VSL.
The other end of the current path of the load transistor 134 is
connected to a power supply terminal (for example, a grand
terminal). The gate of the load transistor 134 is connected to
the other end of the current path of the load transistor 134.

Each of the unit cells UC may include no address transistor
4. In this case, in the unit cell UC, the other end of the current
path of the amplifier transistor 5 is connected to the other end
of'the current path of the reset transistor 3 and a power supply
terminal. When the unit cell UC includes no address transistor
4, the address control line ADR is not provided either.

The unit cell UC may have a one-pixel one-cell structure
including one pixel. Alternatively, the unit cell UC may have
a circuit configuration (multiple-pixel one-cell structure) in
which one unit cell includes three or more pixels (photo-
diodes) as in a four-pixel one-cell structure or an eight-pixel
one-cell structure. In a unit cell including a plurality of pixels,
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three or more photodiodes share one floating diffusion, the
reset transistor, the amplifier transistor, and the address tran-
sistor. In a unit cell including a plurality of pixels, one read
transistor is provided for each photodiode.

The structures of the pixel array and the unit cell of the
image sensor 100 according to the present embodiment are
described with reference to FIG. 4 and FIG. 5.

FIG. 4 shows an example of the planar layout of the pixel
array of the image sensor 100 according to the present
embodiment.

In FIG. 4, the layout of the unit cell UC having the two-
pixel one-cell structure in the pixel array 120 is shown.

As shownin FIG. 4, aregion where the two photodiodes 1A
and 1B are formed, and a region where the transistors 2, 3, 4,
and 5 for controlling the operations of photodiodes and the
floating diffusion 6 are formed are provided in a formation
region UA of the unit cell UC.

The region UA where the unit cell UC is formed is referred
to as the unit cell formation region UA. Regions PAA and
PAB where the photodiodes are formed are referred to as
photodiode formation regions PAA and PAB. The photodiode
formation regions PAA and PAB are referred to as the pho-
todiode formation region PA when not distinguished from
each other.

A region where the read transistor is formed is referred to
as a read transistor formation region. A region where the
floating diffusion 6 is formed is referred to as a floating
diffusion formation region.

A region AA where the amplifier transistor 5, the reset
transistor 3, and the address transistor 4 are formed is referred
to as a transistor formation region (or active region) AA.

The unit cell formation region UA is divided by device
isolation regions 90 and 95 for each unit cell UC in the pixel
array 120. The unit cell formation region UA is surrounded by
the device isolation regions 90 and 95.

The photodiode formation region PA, the read transistor
formation region, the floating diffusion formation region, and
the transistor region AA are semiconductor regions provided
in the semiconductor substrate (chip) 150, in the unit cell
formation region UA. In one unit cell formation region UA, at
least the photodiode formation region, the read transistor
formation region, and the floating diffusion formation region
are continuous semiconductor regions in the semiconductor
substrate 150.

In one unit cell formation region UA, adjacent corners of
the two photodiode formation regions PAA and PAB are
connected to one end of the longitudinal direction (extending
direction) of the rectangular transistor formation region AA
via the read transistor formation region and the floating dif-
fusion formation region.

The two photodiode formation regions PAA and PAB in
one unit cell formation region UA are adjacent to each other
in a y-direction across the device isolation region (device
isolation layer) 90. For example, the two photodiode forma-
tion regions PAA and PAB in one unit cell formation region
UA are separated by an impurity semiconductor layer as the
device isolation layer 90.

However, the two pixel formation regions PAA and PAB in
the unit cell formation region UA may be separated by the
device isolation layer 90 made of an insulator. That is, the
pixel formation regions PA of different unit cell formation
regions UA are electrically isolated by the insulator as the
device isolation layer.

The photodiode formation region PA includes impurity
semiconductor layers (diffusion layer, impurity semiconduc-
tor regions) 10A and 10B for forming the photodiode 1. For
example, each of the impurity semiconductor layers 10A and
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10B in the photodiode formation region PA is used as one end
(source/drain region) of the current path of the read transistor
2.

In the read transistor formation region, the gate electrode
20 of the read transistor 2 is tilted relative to the extending
direction of the transistor formation region AA. In the two-
pixel one-cell structure, the read transistors 2A and 2B
respectively corresponding to the two photodiodes 1A and 1B
are switched on/off to electrically connect or disconnect the
photodiodes 1A and 1B and the floating diffusion 6 provided
in the continuous semiconductor regions.

The floating diffusion 6 is laid out in the unit cell formation
region UA to be surrounded by the gate electrodes 20 of the
two read transistors 2A and 2B and a gate electrode 30 of the
reset transistor 3. The floating diffusion 6 is used as the other
end (source/drain region) of the current path of the read
transistor 2.

The transistor formation region is separated by an insulator
as the device isolation layer 95. In the transistor formation
region, the reset transistor 3, the amplifier transistor 5, and the
address transistor 4 are arranged in the extending direction of
the transistor formation region AA.

The gate electrode 30 of the reset transistor 3 is provided on
the transistor formation region AA via a gate insulating film.
The channel length direction of the reset transistor 3 corre-
sponds to the extending direction (longitudinal direction) of
the transistor formation region AA.

The floating diffusion 6 substantially serves as one end
(source/drain region) of the current path of the reset transistor
3. The other end of the current path of the reset transistor 3 is
a diffusion layer (impurity semiconductor layer) provided in
the transistor formation region.

In the longitudinal direction of the transistor formation
region AA, the address transistor 4 is located at the end
opposite to the side (one end) where the floating diffusion 6 is
provided.

A gate electrode 40 of the address transistor 4 is provided
on the transistor formation region AA via a gate insulating
film. The source/drain region as the other end of the current
path of the address transistor 4 is provided at the end (opposite
to the side where the floating diffusion 6 is provided) of the
extending direction of the active region AA. The source/drain
region as the other end of the current path of the address
transistor 4 is not shared with other transistors. For example,
a contact plug (not shown) is provided on the source/drain
region of the address transistor 4 which is not shared with
other transistors.

In the transistor formation region AA, the amplifier tran-
sistor 5 is laid out between the reset transistor 3 and the
address transistor 4.

Between the gate electrode 30 of the reset transistor 3 and
the gate electrode 40 of the address transistor 4, a gate elec-
trode 50 of the amplifier transistor 5 is provided on the tran-
sistor formation region AA via a gate insulating film.

A source/drain region as one end of the current path of the
amplifier transistor 5 is shared with the source/drain region as
the other end of the current path of the reset transistor 3. The
source/drain region as the other end of the current path of the
amplifier transistor 5 is shared with the source/drain region as
one end of the current path of the address transistor 4.

The gate electrode 50 of the amplifier transistor 5 is con-
nected to the floating diffusion 6 via an interconnect and a
plug.

In this way, the adjacent transistors 3, 4, and 5 share the
source/drain regions (one end and the other of the current
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path). This allows the reduction of the area occupied by the
unit cell formation region UA and the miniaturization of the
unit cell UC.

FIG. 5 shows a sectional structure along the line V-V of
FIG. 4. In FIG. 5, the photodiode 1, the read transistor 2, the
floating diffusion 6, and the reset transistor 3 are shown as the
components of the unit cell UC. The interconnects and the
support substrate on the front side of the semiconductor sub-
strate 150, and the color filter and the microlens array on the
back side of the semiconductor substrate 150 are not shown in
FIG. 5.

As shown in FIG. 5, the photodiode 1, the read transistor 2,
the floating diffusion 6, and the reset transistor 3 are provided
in the continuous semiconductor regions.

When the photodiode 1 is formed in the P-type semicon-
ductor substrate (semiconductor layer) 150, the photodiode 1
includes at least one N-type impurity semiconductor layer 10.

In FIG. 5, for the simplification of the drawing, one N-type
impurity semiconductor layer 10 is only shown as the com-
ponent of the photodiode 1. However, in order to improve the
characteristics (e.g., sensitivity and photoelectric conversion
efficiency) of the photodiode 1, a plurality of N-type and
P-type impurity layers different in impurity concentration in
the depth direction of the semiconductor substrate 150 may
be provided in the photodiode formation region.

The gate electrode 20 of the read transistor 2 is provided on
the semiconductor substrate 150 via the gate insulating film
21. A sidewall insulating film 29 is provided on the side
surface of the gate electrode 20.

In the semiconductor substrate 150, the semiconductor
region between the two N-type impurity layers 10 and 60
serves as the channel of the read transistor 2.

The gate electrode 30 of the reset transistor 3 in the tran-
sistor formation region is provided on the semiconductor
substrate 150 via a gate insulating film 31. The sidewall
insulating film 29 is provided on the side surface of the gate
electrode 30. In the semiconductor substrate 150, the semi-
conductor region between the two N-type impurity layers 60
and 35 serves as the channel of the reset transistor 3.

The amplifier transistor 5 and the address transistor 4 in the
transistor formation region also have substantially the same
sectional structure as the reset transistor 3.

The floating diffusion 6 is provided in the semiconductor
substrate 150 to face the photodiode 1 across the read tran-
sistor 2. The photodiode 1 and the floating diffusion 6 are
arranged in the channel length direction of the read transistor
2.

On the front side of the semiconductor substrate 150, a
front surface shield layer 18 is provided in the N-type impu-
rity layer 10 of the photodiode 1. The front surface shield
layer 18 is, for example, a P-type impurity layer. The front
surface shield layer 18 is formed in the surface layer of the
N-type impurity semiconductor layer 10 at a distance from
the channel region of the read transistor 2. The upper surface
of the front surface shield layer 18 contacts the interlayer
insulating films 92.

On the back side of the semiconductor substrate 150, a
back surface shield layer 19 is provided in the semiconductor
substrate 150. The back surface shield layer 19 is, for
example, a P-type impurity layer.

The front/back surface shield layers 18 and 19 can inhibit
a dark current generated in the photodiode 1.

In the present embodiment, the floating diffusion 6 is
formed by the diffusion layer 60 and the semiconductor layer
61. In the floating diffusion formation region, the diffusion
layer 60 is provided in the semiconductor substrate 150, and
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the semiconductor layer 61 is provided on the diffusion layer
60 on the front side of the semiconductor substrate.

On the front side of the semiconductor substrate, the semi-
conductor layer 61 as the elevated floating diffusion abuts on
the diffusion layer 60. A contact plug CPx is provided on the
semiconductor layer 61. An interconnect 80x is connected,
via the contact plug CPx, to the diffusion layer 60 and the
semiconductor layer 61 that form the floating diffusion 6.

The diffusion layer 60 as the floating diffusion is an N-type

semiconductor region forming at least one of phosphorus (P)
and arsenic (As), and has an impurity concentration of, for
example, about 1x10*® cm™3. The diffusion layer 60 may have
an impurity concentration of about 1x10'° cm™ to 1x10%°
cm™3.
The semiconductor layer 61 as the elevated floating diffu-
sion contains an impurity. The semiconductor layer 61
includes one or more of phosphorus, germanium (Ge), and
carbon (C) as the impurity. For example, the semiconductor
layer 61 is formed by a silicon layer to which phosphorus is
added, a silicon germanium (SiGe) layer, a silicon carbide
(SiC) layer, or a silicon layer including germanium and car-
bon. The SiGe layer, the SiC layer, or the SiGeC layer may
include phosphorus. The semiconductor layer may include
boron (B) or As. The semiconductor layer 61 may be a silicon
layer (e.g., polysilicon) including no impurity.

Thus, the semiconductor layer 61 is preferably made of an
n-type/p-type silicon layer or mixed crystals including silicon
as the main component.

The semiconductor layer 61 as the elevated floating diffu-
sion is a high-concentration impurity semiconductor layer.
The semiconductor layer 61 has an impurity concentration
(e.g., the concentration of phosphorus) of, for example,
1x10™® cm™ to 1x10%° cm™>.

For example, the impurity concentration in the semicon-
ductor layer 61 changes in a direction perpendicular to the
main surface of the semiconductor substrate. The impurity
concentration on the bottom side (side that abuts on the semi-
conductor substrate) of the semiconductor layer 61 is lower
than the impurity concentration on the top side (interlayer
insulating film side) of the semiconductor layer 61. For
example, the impurity concentration in the bottom of the
semiconductor layer 61 in the vicinity of the interface
between the semiconductor layer 61 and the diffusion layer
60 is about 1x10'® cm™>.

For example, when the SiGe layer (or the SiC layer, the
SiGC layer) is used as the semiconductor layer 61, the con-
centration of germanium (or carbon, the total of germanium
and carbon) on the bottom side of the semiconductor layer 61
is about 5 at % (atomic %), and the concentration of germa-
nium on the top side of the semiconductor layer 61 is about 20
at %.

The semiconductor layer 61 is, for example, an epitaxial
layer. When the semiconductor layer 61 is formed on the
semiconductor substrate 150 by epitaxial growth, the semi-
conductor layer 61 has a sectional shape corresponding to the
crystal structure of the material used for the semiconductor
layer 61 and the crystal structure of the front surface of the
semiconductor substrate 150 on which the semiconductor
layer 61 is formed.

When the semiconductor layer 61 is an epitaxial layer
which includes, as the main component, silicon formed on the
semiconductor substrate 150 having a (100) face of Si on its
front surface, the semiconductor layer 61 has, for example, a
trapezoidal sectional shape. The side surface of the semicon-
ductor layer 61 including silicon as the main component
corresponds to a (111) face of Si (or SiGe) and a face equiva-
lent thereto. The top surface of the semiconductor layer 61
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including silicon as the main component corresponds to the
(100) face of Si (or SiGe) and a face equivalent thereto. The
side surface of the semiconductor layer 61 including silicon
as the main component is tilted at an angle of about 55°
degrees with the front surface of the semiconductor substrate.

The semiconductor layer 61 may be a polysilicon layer
formed by a CVD method.

The semiconductor layer 61 as the elevated floating diffu-
sion includes a gettering site to trap a metal impurity (e.g., Fe)
in the semiconductor substrate 150. The gettering site in the
semiconductor layer 61 is formed by an added dopant or by
crystal defects resulting from lattice distortion caused by the
addition of the impurity.

The semiconductor layer 61 in the floating diffusion for-
mation region functions as the elevated floating diffusion, and
also functions as the gettering site. The semiconductor layer
61 as the gettering layer 61 includes a metal impurity (metal
ions, metal element) such as Fe as well as the added impurity.

Hereinafter, the semiconductor layer 61 may also be
referred to as the gettering layer for the clarity of explanation.

For example, as in the shaded regions in FIG. 4, a semi-
conductor layer 65 of the same material as the elevated float-
ing diffusion 61 is provided on the source/drain regions of the
transistors 3, 4, and 5 in the transistor formation region.

As shown in FIG. 5, in the transistor formation region AA,
the semiconductor layer 65 is provided on the source/drain
diffusion layer 35 of the transistors 3, 4, and 5, and abuts on
the source/drain diffusion layer 35. The semiconductor layer
65 functions as the source/drain of the transistors together
with the diffusion layer 35. A contact plug CPzis provided on
the semiconductor layer 65, and connects an interconnect 80z
and the source/drain region of the transistor 3.

The semiconductor layer 65 in the transistor formation
region AA functions as a gettering layer in the same manner
as the semiconductor layer 61 in the floating diffusion forma-
tion region. Hereinafter, the semiconductor layers 65 on the
source/drain diffusion layers 35 of the transistors 3, 4, and 5
may also be referred to as the gettering layers.

The gettering layers 61 and 65 are provided on the front
surface of the semiconductor substrate 150 to be adjacent to
the gate electrodes 20 and 30. The sidewall insulating film 29
is provided between the gettering layers 61 and 65 and the
gate electrodes 20 and 30. The sidewall insulating film 29 is
provided on the side surfaces of the gate electrodes 20 and 30
to prevent direct contact between the gettering layers 61 and
65 and the gate electrodes 20 and 30.

For example, the thickness of the gettering layers 61 and 65
is smaller than the thickness of the gate electrodes 20 and 30
of the transistors 2 and 3.

The space between the gettering layers 61 and 65 and the
photodiode formation region can be adjusted by the dimen-
sions of the gate electrode 20 of the read transistor 2 and the
thickness of the sidewall insulating film 29.

A layer made of the same material as the semiconductor
layers 61 and 65 may be provided on the source/drain diffu-
sion layers 73 of the transistor 7 in the peripheral circuit
region 125 in FIG. 2. This layer may be used as a gettering
layer in the peripheral region 125.

In the vicinity of the interface between the semiconductor
layers (gettering layers) 61 and 65 and the diffusion layers 60
and 35 in the floating diffusion formation region and the
transistor formation region, a region (hereinafter referred to
as a metal impurity region) 69 in which metal ions are segre-
gated may be provided in the diffusion layers 60 and 35. For
example, the metal impurity concentration of the diffusion
layers 60 and 35 in the floating diffusion formation region and
the transistor formation region is higher than the metal impu-
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rity concentration in the channel region of the transistors 2
and 3 and in the impurity layer 10 of the photodiode 1.

The diffusion layer 60 as the floating diffusion may include
an impurity (e.g., Ge, or C) derived from the semiconductor
layer 61.

A defect attributed to the metal impurity in the impurity
semiconductor layer 10 of the photodiode 1 behaves substan-
tially in the same manner as a charge, and a defect caused by
a recombination current resulting from metal contamination
emerges as a white defect (white spot) in an image formed by
the image sensor.

For example, in a manufacturing process of a general
image sensor, the metal impurity in the semiconductor sub-
strate is gettered by bulk micro defect (BMD) or polysilicon
back seal (PBS).

As the BMD is formed in a region (region that abuts on the
photodiode formation region) immediately under the photo-
diode formation region, the metal impurity may remain in the
impurity semiconductor layer of the photodiode and in the
regions located in its vicinity. Therefore, the BMD may lead
to a risk of causing the white defect in the image sensor.

The PBS increases the heating temperature of the substrate
for gettering to a relatively high temperature (600° C. or
more) and applies the high temperature to the substrate for a
relatively long period so that the metal impurity will reach the
back surface of the semiconductor substrate. The heat treat-
ment for gettering by the PBS generates a heat load in the
semiconductor substrate, the impurity region in the semicon-
ductor substrate, and the interconnect in the interlayer insu-
lating film, and the characteristics of the image sensor may
deteriorate.

When the floating diffusion including the diffusion layer is
used as the gettering layer, the increase of the impurity con-
centration (e.g., 10°° cm™) of the diffusion layer for gettering
may increase the depth of the junction between the diffusion
layer and the semiconductor substrate and generate a leakage
current.

In the image sensor according to the present embodiment,
the semiconductor layer 61 as the elevated floating diffusion
is used as the gettering layer.

In a later-described manufacturing method, the semicon-
ductor layer 61 including a high-concentration impurity is
formed on the front side of the semiconductor substrate 150 to
abut on the diffusion layer 60, and then the semiconductor
substrate 150 is subjected to the heat treatment for gettering.

As a result of the heat treatment, a metal impurity such as
Fe in the semiconductor substrate 150 diffuses (moves) from
the semiconductor substrate 150 into the semiconductor layer
61 as the gettering layer. A metal impurity such as iron (Fe)
ions in the impurity layer 10 of the photodiode 1 is trapped in
the semiconductor layer 61, and the concentration of the
metal impurity in the impurity layer 10 of the photodiode 1 is
reduced.

As in the present embodiment, the semiconductor layer 61
as the elevated floating diffusion and the gettering layer is
provided in the region relatively close to the photodiode for-
mation region, so that high-efficiency gettering can be per-
formed by a heat treatment that does not generate an excessive
heatload in the substrate, for example, a heat treatment within
a relatively low temperature range (e.g., 300° C. to 600° C.)

The floating diffusion formation region in which the semi-
conductor layer 61 as the gettering layer is provided is not
directly adjacent to the photodiode formation region. There-
fore, the gettering layer located apart from the photodiode
formation region can reduce that the metal impurity which
has been drawn to the gettering layer 61 located apart from the
photodiode formation region remains in the photodiode for-
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mation region (or its vicinity) after the gettering and can also
inhibit the adverse effects of the remaining metal impurity, as
compared with the case in which the semiconductor layer 61
is provided in the region directly adjacent to the photodiode
formation region in a direction parallel to the front surface of
the semiconductor substrate to abut on the semiconductor
substrate 150 or provided in the region that vertically overlaps
the photodiode formation region in a direction perpendicular
to the front surface of the semiconductor substrate.

As described above, phosphorus having the function to trap
the metal impurity is added to the semiconductor layer. Thus,
the metal impurity is more easily segregated (separated) in the
semiconductor layer 61, and the function of the semiconduc-
tor layer 61 as the gettering layer (gettering site) is improved.

When germanium or carbon is added to the silicon layer,
lattice distortion (crystal defect) is generated in the layer as
the gettering layer. The gettering site is further formed in the
silicon layer by the lattice distortion, and the efficiency of the
gettering is improved.

According to the image sensor in the present embodiment,
a higher gettering efficiency can inhibit the increase of the
heating temperature for gettering and inhibit the increase of
the time for gettering. As a result, the heat load applied to the
components of the image sensor can be reduced, and the
deterioration of element characteristics caused by heat can be
inhibited.

The use of the semiconductor layer as the elevated floating
diffusion to a getting layer can reduce the impurity concen-
tration of the diffusion layer 60 as the floating diffusion. This
can inhibit the increase of the junction depth of the diffusion
layer 60 and inhibit leakage current generation.

In the present embodiment, the layer of the same material
as the semiconductor layer 61 serving as the elevated diffu-
sion is formed on the source/drain diffusion layer 35 of the
transistors 2, 3, 4, and 5. The semiconductor layer 65 func-
tioning as the gettering layer is provided on the source/drain
diffusion layer 35 of the transistors 2, 3, 4, and 5, and the
metal impurity in the channel region of the transistors 2, 3, 4,
and 5 is thereby trapped in the semiconductor layer 65. As a
result, the characteristic deterioration of the transistor result-
ing from the defect in the channel region is inhibited.

As described above, in the present embodiment, the defect
caused by the metal impurity (e.g., Fe ions) remaining in the
impurity layer 10 of the photodiode 1 can be reduced by the
relatively highly efficient gettering. As a result, the recombi-
nation current resulting from the metal impurity can be inhib-
ited, and the generation of a white defect in an image formed
by the image sensor can be inhibited.

Consequently, according to the image sensor in the present
embodiment, the quality of the image formed by the image
sensor can be improved.

The image sensor according to the embodiment has been
described above as an example of the back side illumination
type image sensor. However, the image sensor according to
the embodiment may be an image sensor which brings light
from the subject from the front side of the semiconductor
substrate (hereinafter referred to as a front side illumination
type image sensor). Although the CMOS image sensor has
been illustrated above, the image sensor according to the
embodiment may be a CCD image sensor. The advantageous
effects described above can be provided even when the
present embodiment is applied to the front side illumination
type image sensor or the CCD image sensor.

(b) Manufacturing Method

A method of manufacturing the solid-state image sensing
device (e.g., image sensor) according to the first embodiment
is described with reference to FIG. 6 to FIG. 9.
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FIG. 6 to FIG. 9 show the sectional process views of a pixel
array 120 in the processes of the image sensor manufacturing
method according to the present embodiment. Here, FIG. 2,
FIG. 4, and FIG. 5 are also properly used in addition to FIG.
6 to FIG. 9 to describe the processes of the image sensor
manufacturing method according to the present embodiment.

In the method of manufacturing the image sensor accord-
ing to the present embodiment, the order of the formation of
the components described later may be properly changed as
long as process consistency is ensured.

As shown in FIG. 2, a mask (not shown) formed by pho-
tolithography and reactive ion etching (RIE) is used to form a
device isolation region and a device isolation layer 91 in a
predetermined region (e.g., peripheral circuit region) within a
semiconductor substrate 150.

For example, as shown in FIG. 2, a device isolation trench
having a shallow trench isolation (STI) structure is formed in
the semiconductor substrate 150 in accordance with the mask.
An insulator is embedded in the device isolation trench by the
chemical vapor deposition (CVD) method or a coating
method. As a result, the device isolation layer 91 having the
STI structure is formed at a predetermined position in the
semiconductor substrate 150.

Thus, the pixel array 120, the unit cell regions in the pixel
array 120, and the peripheral circuit region 125 are marked
out in the semiconductor substrate 150.

A mask different from the mask for forming the device
isolation layer is used to form an N-type or P-type well region
159 in a predetermined region within the semiconductor sub-
strate 150.

As shown in FIG. 5, components of unit cells (pixels) are
formed in the unit cell regions of the pixel array 120. As
shown in FI1G. 2, components (e.g., transistors) of a peripheral
circuit are formed in the well region 159 of the peripheral
circuit region 125.

Gate insulating films 21 and 71 of transistors 2 and 7 are
formed on the exposed surface (front surface) of the semicon-
ductor substrate 150, for example, by a thermal oxidation
treatment of the semiconductor substrate 150.

A polysilicon layer is deposited on the formed gate insu-
lating films 21 and 71 by the CVD method. The polysilicon
layer is then fabricated by photolithography and the RIE
method, and gate electrodes 20 and 70 having a predeter-
mined gate length and a predetermined gate width are formed
on the surface (first surface) of the semiconductor substrate
150 across the gate insulating films 21 and 71.

As shown in FIG. 2 and FIG. 6, in the pixel array 120, the
formed gate electrode 22 and resist film (not shown) are used
as masks, and the N-type impurity layer 10 of the photodiode
1 is formed in the photodiode formation region within the unit
cell formation region by an ion implantation method.

In the floating diffusion formation region of the unit cell
formation region, a diffusion layer 60 as a floating diffusion 6
is formed in the semiconductor substrate 150 by ion implan-
tation so that the diffusion layer 60 includes phosphorus
having an impurity concentration of about 10*® cm™. The
diffusion layer 60 may be formed to include a high-concen-
tration (e.g., 10°° cm™ or more) impurity.

A diffusion layer 35 as the source/drain of each transistor,
for example, a reset transistor in the pixel array 120 is formed
by ion implantation so that the diffusion layer 35 has a pre-
determined impurity concentration.

In the surface layer (exposed surface) of the N-type impu-
rity semiconductor layer 10 of the photodiode 1, a P-type
impurity layer 18 as the front surface shield layer 18 is formed
in the N-type impurity semiconductor layer 10 by ion implan-
tation.
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For example, the peripheral circuit region 125 is covered
by a resist film (not shown) in a period in which ion implan-
tation for forming the photodiode 1 and the floating diffusion
6 are performed in the pixel array 120.

When the diffusion layer (impurity semiconductor layer) is
formed by ion implantation, the crystallinity of the substrate
may deteriorate. Therefore, annealing to recover the crystal-
linity of the substrate is preferably performed between the ion
implantation and the formation of an epitaxial layer to allow
for the formation of the epitaxial layer in the subsequent
process.

In the region (N-type or P-type well region) 159 in which
the transistor 7 is formed in the peripheral circuit region 125
shown in FIG. 2, a P-type or N-type impurity layer 73 as the
source/drain of the transistor 7 is formed in the semiconduc-
tor substrate 150 by ion implantation that uses the gate elec-
trode 70 as a mask. The process of forming the transistor 7 in
the peripheral circuit region 125 and the process of forming
the transistor in the pixel array 120 may be a common process.

As shown in FI1G. 7, sidewall insulating films 29 are formed
in a self-aligning manner on the side surfaces of the gate
electrodes 20 and 30 of the read transistor 2 and the other
transistors 3, 4, and 5.

After the sidewall insulating films 29 are formed on the
side surfaces of the gate electrodes 20 and 30 of the transistors
2, 3, 4, and 5, a semiconductor layer 61 is formed, for
example, by selective epitaxial growth on the diffusion layer
60 as the floating diffusion 6 on the front side of the semicon-
ductor substrate 150. At the same time, a semiconductor layer
65 is formed on the source/drain diffusion layer 35 of the
transistor.

The formed semiconductor layer 61 directly abuts on the
diffusion layer 60. When the semiconductor layer 61 is
formed by selective epitaxial growth, the crystal of the semi-
conductor layer 61 is oriented depending on the crystal face
on the front surface of the semiconductor substrate, and the
semiconductor layer 61 has a sectional shape corresponding
to the crystal orientation.

The semiconductor layers 61 and 65 are formed by semi-
conductor layers including, for example, silicon as the main
component. The semiconductor layer 61 formed in the float-
ing diffusion formation region is used as an elevated floating
diffusion and also used as a gettering layer. The semiconduc-
tor layer 65 provided in the transistor formation region is used
as the source/drain and also used as a gettering layer.

For example, at least one impurity of germanium (Ge),
phosphorus (P), and carbon (C) is added to the silicon layers
61 and 65 as the gettering layers. For example, a doping gas is
introduced during the deposition of silicon (hereinafter
referred to as in-situ doping), and an impurity such as Ge, P,
and C is thereby added to the silicon layers 61 and 65. The
function of the semiconductor layer as the gettering site is
improved by the addition of the impurity to the silicon layers
61 and 65.

For example, an impurity (e.g., phosphorus) is added so
that the concentration of the N-type (or P-type) dopant in the
semiconductor layers 61 and 65 will be 1x10'® ecm™ to
1x10%° cm™>. In this case, the semiconductor layer 61 has a
concentration profile that varies in a direction perpendicular
to the front surface of the semiconductor substrate, and the
impurity concentration on the bottom side (side that abuts on
the diffusion layer 60) of the semiconductor layer 61 is lower
than the impurity concentration on the top side of the semi-
conductor substrate. When the semiconductor layers 61 and
65 are silicon layers, the metal impurity is more easily seg-
regated in the silicon layers 61 and 65 during gettering by the
addition of the P-type or N-type dopant in the silicon layers.
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Ge or C added to the silicon layers is lattice-substituted for
the Si element in the silicon layers, and a mixed crystal layer
of SiGe or SiC or SiGeC is formed. The concentration of Ge
or C in the silicon layers is about 5 at % to 20 at %. Ge and C
also have a concentration profile that varies in a direction
perpendicular to the front surface of the semiconductor sub-
strate, and the concentration on the bottom sides of the semi-
conductor layers 61 and 65 is lower than the concentration on
the top side of the semiconductor layer. Lattice distortion
(lattice defect) resulting from lattice mismatch between the
semiconductor substrate and the epitaxial layers 61 and 65 is
caused by the addition of at least one of Ge and C to the silicon
layer. The function of the semiconductor layers 61 and 65 as
the gettering sites is improved by the lattice defect.

Ge or C resulting from the semiconductor layer 61 may
diffuse in the diffusion layer 60 within the floating diffusion
formation region. The semiconductor layers 61 and 65 may
be formed by the CVD method.

For example, an insulating film (not shown) is formed in
advance on the impurity semiconductor layer 10 of the pho-
todiode and the front surface shield layer 18 so that a semi-
conductor layer that directly abuts on the semiconductor sub-
strate 150 may not be formed in the photodiode formation
region during the formation of the semiconductor layers 61
and 65 as the gettering layers by the selective epitaxial
growth. Alternatively, after the formation of a semiconductor
layer, the semiconductor layer is selectively removed from
the photodiode formation region.

As shown in FIG. 8, the semiconductor substrate 150 is
subjected to, for example, a heat treatment of about 600° C.
and the subsequent heat treatment in a temperature range of
about 300° C. to 500° C. for gettering while the semiconduc-
tor layers 61 and 65 are provided on the front surface of the
semiconductor substrate 150. The heat treatment for gettering
may be conducted by the two-stage heat treatments different
in the temperature range, or may be conducted by a heat
treatment in which the temperature is slowly dropped from,
for example, about 600° C. to about 300° C. (a heat treatment
having a gentle temperature change gradient).

Thus, a metal impurity 200 in the semiconductor substrate
150 diffuses (moves) into the gettering layers 61 and 65 or
into the diffusion layers 60 and 35 that abut on the gettering
layers 61 and 65, and the metal impurity 200 is trapped in the
gettering layers 61 and 65.

As a result, the metal impurity 200, for example, Fe moves
to the floating diffusion formation region from the impurity
semiconductor layer 10 in the photodiode formation region
and its vicinity, and the concentration of the metal impurity in
the impurity semiconductor layer 10 within the photodiode
formation region decreases or substantially reaches zero. The
concentration of the metal impurity in the floating diffusion
formation region is higher than the concentration of the metal
impurity in the photodiode formation region.

The metal impurity 200 in the channel region of the tran-
sistor is trapped in the gettering layer 65 on the source/drain
diffusion layer 35.

When the gettering is conducted, a metal impurity region
69 may be formed in the vicinity of the interface between the
semiconductor layers 61 and 65 as the gettering layers and the
diffusion layer 60.

Thus, a metal impurity such as Fe is removed from the
impurity semiconductor layer 10 within the photodiode for-
mation region and its neighboring regions by the gettering
treatment that uses the semiconductor layer 61 as the getter-
ing layer (gettering site) formed in the floating diffusion
formation region.
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As shown in FIG. 9, after the metal impurity is removed
from the photodiode formation region by the gettering, the
gettering layers 61 and 65 are selectively etched. As a result,
most of the gettering layers 61 and 65 are removed.

For example, as shown in FIG. 9, the thin gettering layers
61 and 65 may remain on the diffusion layers 60 and 35. For
example, high impurity concentration regions in the gettering
layers 61 and 65 are removed, low impurity concentration
regions (e.g., region including an impurity of about 1x10*®
cm™>) remain on the diffusion layers 60 and 35.

Thus, most of the gettering layers are removed after the
gettering, so that it is possible to prevent the metal impurity
trapped in the semiconductor layers 61 and 65 as the gettering
layers from being re-diffused into the semiconductor sub-
strate 150 by the heat treatment after the gettering in the
manufacturing process of the image sensor 100.

As shown in FIG. 2 and FIG. 5, a multilayer interconnec-
tion structure including a plurality of interlayer insulating
films 92 and a plurality of interconnects 80 is formed by the
multilayer interconnection technique on the front surface of
the semiconductor substrate 150 on which the gate electrode
20 of the transistor 2 is formed. The interlayer insulating films
92 cover the front surface of the semiconductor substrate 150,
and cover, for example, the gate electrode 20 of the transistor
2.

In the formation process of the multilayer interconnection
structure at each interconnect level, for example, the inter-
layer insulating film 92 which is a silicon oxide film is depos-
ited by the CVD method. At each interconnect level, the
interlayer insulating film 92 is planarized by a CMP method,
and a contact plug CP1 and a via plug 81 are embedded in a
contact hole formed in the interlayer insulating film 92 by
photolithography and the RIE method.

A contact plug CPx is embedded in the interlayer insulat-
ing film 92 so that the contact plug CPx is connected to the
semiconductor layer 61 remaining in the floating diffusion
formation region. Thus, the semiconductor layer 61 used as
the gettering layer 61 is reused as an elevated floating diffu-
sion.

A contact plug CPz is also embedded in the interlayer
insulating film 92 so that the contact plug CPz is connected to
the semiconductor layer 65 remaining in the transistor forma-
tion region. Thus, the semiconductor layer 61 used as the
gettering layer 61 is reused as the source/drain of the transis-
tor.

For example, a conductive layer of aluminum is deposited
on the interlayer insulating film 92 and on the plugs CP1,
CPx, CPz, and 81 by a sputter method. The deposited con-
ductive layer is fabricated into a predetermined shape by
photolithography and the RIE method so that the conductive
layer is connected to the plugs CP1, CPx, CPz, and 81. As a
result, conductive layers 80, 80x, and 80z as interconnects are
formed. The interconnects 80, 80x, and 80z made of copper or
a copper alloy may be formed in a self-aligning manner by a
damascene method in a trench (damascene trench) formed in
the interlayer insulating film.

Thus, a plurality of elements 1, 2, and 7 of the semicon-
ductor substrate 150 are connected by the interconnects of the
multilayer interconnection technique, and each circuit of the
image sensor is formed.

When a back side illumination type image sensor is
formed, the uppermost interlayer insulating film 92 (and the
conductive layer) on the front side of the semiconductor sub-
strate 150 is planarized as shown in FIG. 2 and FIG. 5, and an
adhesive layer (not shown) is then formed on the planarized
surface of the uppermost interlayer insulating film 92. A
support substrate 119 is then attached to the adhesive layer on
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the interlayer insulating film 92. Thus, the support substrate
119 is bonded to the interlayer insulating film 92 covering the
front surface of the semiconductor substrate.

For example, before the support substrate 119 is attached to
the interlayer insulating film 92, a redistribution layer may be
formed by a redistribution technique on the uppermost inter-
layer insulating film 92 so that the redistribution layer is
connected to the interconnect in the interlayer insulating film
92.

After the support substrate 119 is attached to the interlayer
insulating film 92, the back surface of the semiconductor
substrate 150 is selectively etched, for example, by the CMP
method and by wet etching that uses an HF solution. As a
result, the semiconductor substrate 150 is reduced in thick-
ness.

As shown in FIG. 2 and FIG. 5, after the semiconductor
substrate 150 is reduced in thickness, a P-type impurity semi-
conductor layer 19 as a back surface shield layer 19 is formed
in the semiconductor substrate 150 within the pixel array 120
by ion implantation on the back surface of the semiconductor
substrate 150.

After a protective film 97 is formed on the back surface of
the semiconductor substrate, a color filter 117 is formed on
the protective film 97 located at a position corresponding to
the pixel array 120.

An insulating film (not shown) as a protective film is
formed on the formed color filter 117. A microlens array 118
is formed on the protective film covering the color filter 117.

Before or after the formation of the color filter 117 and the
microlens array 118, an interconnect, pad, or metal light
blocking film on the back side of the semiconductor substrate
150 may be formed.

For example, after the formation of the color filter 117 and
the microlens array 118, a through via 88A is embedded in a
through-hole formed in the semiconductor substrate 150, as
shown in FIG. 2. The through via 88 A may be formed before
the formation of the color filter 117 and the microlens array
118.

The image sensor according to the present embodiment is
formed by the process described above.

On the front side of the semiconductor substrate in the
floating diffusion formation region, the semiconductor layers
61 and 65 as the gettering layers are formed on the semicon-
ductor substrate 150. The gettering layers 61 and 65 are
formed to abut on the upper surface of the diffusion layer 60
as a floating diffusion FD.

As aresult of gettering, the metal impurity (e.g., Fe) in the
photodiode formation region is trapped in the gettering layers
61 and 65 by the action of high-concentration phosphorus
added to the gettering layers 61 and 65 and by the action ofthe
lattice defect resulting from Ge or C added to the gettering
layers (layers including silicon as the main component).

As in the present embodiment, the gettering layer 61 is
formed in the region relatively close to the photodiode for-
mation region, so that the efficiency of the gettering is
increased, and the concentration of the metal impurity in the
impurity semiconductor layer 10 in the photodiode formation
region and its vicinity is reduced. Moreover, according to the
present embodiment, the gettering layer 61 is formed in the
region that does not directly abut on the photodiode formation
region. Therefore, it can be reduced that the metal impurity
drawn to the gettering layer 61 remains in the photodiode
formation region and its vicinity, and the adverse effects of
the metal impurity on the characteristics of the photodiode
can be inhibited.

Thus, in the image sensor manufacturing method accord-
ing to the present embodiment, the gettering layers are
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formed in the vicinity of the photodiode formation region, so
that the adverse effects of the remaining metal impurity can
be inhibited, and the gettering can be relatively efficiently
performed.

Consequently, according to the present embodiment, the
increase of the heating temperature for gettering can be inhib-
ited, and the increase of the time for gettering can be inhib-
ited. As a result, according to the image sensor manufacturing
method of the present embodiment, the heat load applied to
the components of the image sensor can be reduced. Thus,
according to the present embodiment, it is possible to inhibit
the deterioration of the elements included in the image sensor
caused by heat; for example, the deterioration of the intercon-
nects/insulating films and unintended diffusion (dispersion)
of the impurity (or dopant) caused by heat.

In the transistor formation region, the metal impurity in the
channel region of the transistor is trapped in the gettering
layer 65 formed in the source/drain region. As a result, the
metal impurity in the channel region is reduced, and a tran-
sistor of improved characteristics is formed.

Known gettering techniques such as the BMD and the PBS
may be used together with the gettering that uses the semi-
conductor layer provided in the floating diffusion formation
region.

As described above, according to the solid-state image
sensing device and the manufacturing method of the same in
the first embodiment, it is possible to provide an image sensor
that can improve the image quality.

(2) Modifications

Modifications of the solid-state image sensing device
according to the embodiment are described with reference to
FIG. 10 to FIG. 13.

In the modifications, the components which are substan-
tially the same as those in the first embodiment are described
when necessary. In FIG. 10 to FIG. 13, the interlayer insulat-
ing film and the color filter are simplified or not shown, as in
the embodiment described above.

EXAMPLE 1

The modification of the image sensor manufacturing
method according to the embodiment is described with ref-
erence to FIG. 10.

FIG. 10 is a sectional process view illustrating the modifi-
cation of the image sensor manufacturing method according
to the embodiment.

In the image sensor manufacturing method according to
the embodiment described with reference to FI1G. 5 to FIG. 9,
the gettering layers 61 and 65 to which an impurity is added
are formed by enclosing a gas including P or Ge together with
an Si formation gas during the deposition of the silicon layer
(Si layer that includes at least one of P, Ge, and C) in the
process of forming the semiconductor layers 61 and 65 as the
gettering layers.

However, the impurity in the gettering layers 61 and 65
may be added by ion implantation to the gettering layers 61
and 65 deposited on the semiconductor substrate 150.

As shown in FIG. 10, a non-doped Si layer (or SiGe layer)
617 is formed, for example, by the selective epitaxial growth
on the semiconductor substrate 150 in the floating diffusion
formation region and the transistor formation region.

The semiconductor substrate 150 is coated with a resist
film. An opening is formed in the resist film by lithography
and RIE so that the Si layer 617 is exposed, and a mask layer
209 is formed.

Ion implantation is conducted while the mask layer 209 is
formed on the semiconductor substrate 150. At least one of P,
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Ge, and C is added to the non-doped Si layer 617 by ion
implantation. As a result, a gettering layer 617 including a
gettering site is formed.

After the mask layer 209 is removed, gettering is per-
formed as shown in FIG. 8, and the metal impurity in the
semiconductor substrate 150 is trapped in the gettering layer
617.

The manufacturing processes described with reference to
FIG. 9, FIG. 2, and FIG. 5 are then sequentially carried out,
and the image sensor according to the present embodiment is
formed.

EXAMPLE 2

The modification of the image sensor and the manufactur-
ing method of the same according to the embodiment are
described with reference to FIG. 11.

FIG. 11 is a sectional process view illustrating the modifi-
cation of the image sensor manufacturing method according
to the embodiment.

As shown in FIG. 11, the gettering layer may be removed
from the semiconductor substrate 150 after gettering.

When the gettering layer is removed, the contact plug CPx
connected to the floating diffusion 6 directly contacts the
diffusion layer 60 as the floating diffusion 6.

When the gettering layer is removed by etching, the front
surface of the semiconductor substrate 150 may be
overetched. In this case, the surface of the diffusion layer 60
as the floating diffusion on the front side of the semiconductor
substrate 150 is set back to the back side of the semiconductor
substrate 150 as compared with the surface of the impurity
semiconductor layer 10 of the photodiode 1 and the front
surface shield layer 18 on the front side of the semiconductor
substrate 150.

For example, the metal impurity region in the diffusion
layer 60 may be removed together with the gettering layer.

When the gettering layer is removed, the mask layer that
selectively exposes the gettering layer is formed on the semi-
conductor substrate 150 after gettering substantially, for
example, in the same manner as in FIG. 10.

In accordance with the mask layer formed on the semicon-
ductor substrate 150, the gettering layer is selectively
removed by etching (e.g., RIE).

Thus, the image sensor according to the present embodi-
ment having the structure shown in FIG. 11 is formed.

As inthe example shown in FIG. 11, the gettering layer (the
metal impurity region) is completely removed after the get-
tering treatment, and it is thereby possible to prevent the metal
impurity in the gettering layer from diffusing into the semi-
conductor substrate 150.

EXAMPLE 3

The modification of the image sensor and the manufactur-
ing method of the same according to the embodiment are
described with reference to FIG. 12 and FIG. 13.

FIG. 12 is a sectional view illustrating the modification of
the image sensor according to the embodiment.

As shownin FIG. 12, asilicide layer 67 may be provided on
a gettering layer 61.

The silicide layer 67 on the gettering layer 61 is formed by
the silicide treatment of the gettering layer 61. For example,
when the gettering layer 61 is a layer including P, Ge, or B, the
silicide layer 67 may including the impurity in the gettering
layer 61 in addition to the silicon element and the metal
element (e.g., nickel or cobalt) that includes silicide together
with the silicon element.
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For example, silicide layers 27 and 37 are provided on the
gate electrodes 20 and 30 of the transistors 2 and 3.

The process of forming the silicide layer 67 on the gettering
layer 61 is described with reference to FIG. 13. FIG. 13 is a
sectional process view illustrating the modification of the
image sensor manufacturing method according to the
embodiment.

For example, the silicide treatment of the gettering layer is
simultaneous with the silicide treatment of the gate electrodes
and the source/drain diffusion layers of the transistors in the
pixel array and in the peripheral circuit region.

After an insulating layer 201 is deposited on the semicon-
ductor substrate 150, the insulating layer covering the region
in which the silicide layer is formed is selectively removed by
lithography and RIE. The gate electrodes 20 and 30 of the
transistors 2 and 3 and the source/drain regions are exposed.
On the other hand, the upper surface of the impurity semi-
conductor layer 10 of the photodiode 1 is covered by the
insulating layer 201. At the same time, the insulating layer
201 covering the gettering layers 61 and 65 is removed, and
the gettering layers 61 and 65 are exposed.

A metal film 202 for forming the silicide layer is formed on
the gate electrodes 20 and 30, on the source/drain diffusion
layer, on the gettering layers 61 and 65, and on the insulating
layers 201 and 29.

After the metal film 202 is deposited, the semiconductor
substrate 150 is subjected to a heat treatment. Silicon
included in the gate electrodes 20 and 30, the source/drain
diffusion layer 35, and the gettering layers 61 and 65 reacts
(hereinafter referred to as a silicide reaction) with the ele-
ments that form the metal film 202.

Thus, as shown in FIG. 12, the silicide layers 27,37, and 67
are formed in a self-aligning manner in a contact portion
between the gate electrodes 20 and 30 and the metal film 202,
a contact portion between the source/drain diffusion layer 35
and the metal film 202, and a contact portion between the
gettering layers 61 and 65 and the metal film 202. The silicon
layer covered by the insulating layers 201 and 29 does not
directly contact the metal film 202, and is therefore not sili-
cided.

Afterthesilicidelayers 27,37, and 67 are formed, the metal
film which has not reacted with silicon is selectively removed.

The interlayer insulating film, the contact plug, and the
interconnect are then sequentially formed as described above,
and the image sensor according to the embodiment is formed.
The contact plugs CPx and CPz are connected to the silicide
layer 67 on the gettering layers 61 and 65.

As long as the silicide layer is formed after gettering, the
gettering layers 61 and 65 may be entirely silicided.

As the silicide layer 67 is provided on the gettering layer
61, the contact resistance between the contact plugs CPx and
CPz and the layer 61 which functions as the floating diffusion
can be reduced.

The silicide layer 67 (or the gettering layer made of sili-
cide) is formed on the gettering layer 61 by substantially the
same process as the process of forming the silicide layer on
the gate electrode of the transistor and the source/drain dif-
fusion layer. Therefore, the number of manufacturing pro-
cesses of the image sensor is not increased by the process of
forming the silicide layer 67 on the gettering layers 61 and 65.

Thus, according to the image sensor shown in FIG. 13, the
electric characteristics of the image sensor can be improved
without the increase in number of manufacturing processes of
the image sensor.

As described above, the advantageous effects substantially
similar to those according to the first embodiment can also be
obtained in the modifications shown in FIG. 10 to FIG. 13.
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(3) Application Example

An application example of the solid-state image sensing
device according to each embodiment is described with ref-
erence to FIG. 14.

The solid-state image sensing device (image sensor)
according to the embodiment is formed into a module, and
applied to a digital camera or a camera-equipped mobile
telephone.

FIG. 14 is a block diagram showing the application
example of the image sensor according to the embodiment.

A camera (or camera-equipped mobile telephone) 900
including the image sensor 100 according to the present
embodiment includes, in addition to the image sensor 100, for
example, an optical lens unit 101, a signal processing unit
(e.g., digital signal processor (DSP)) 102, a storage unit
(memory) 103, a display unit (display) 104, and a control unit
(controller) 105.

The image sensor 100 converts light from a subject into an
electric signal.

The lens unit 101 collects the light from the subject to the
image sensor 100, and forms a figure corresponding to the
light from the subject into an image on the image sensor 100.
The lens unit 101 includes a plurality of lenses and optical
characteristics (for example, the focal length) of the lens unit
101 can mechanically or electrically be controlled by a com-
bination of each lens.

The DSP 102 processes the signal output from the image
sensor 100. The DSP 102 forms an image (image data) cor-
responding to a subject based on a signal from the image
sensor 100.

Image data from the DSP 102 is stored in the memory 103.
Externally supplied signals and data, and signals and data
directly supplied from the image sensor 100 can also be stored
in the memory 103. The memory 103 may be a memory chip
such as a DRAM or flash memory loaded in the camera 900,
or may be a memory card or a USB memory removable from
the body of the camera 900.

The display 104 displays the image data from the DSP 102
or the memory 103. The data from the DSP 102 or the
memory 103 is still image data or moving image data, and still
images or moving images are displayed on the display 104.

The controller 105 controls the operations of the compo-
nents 100 to 104 in the camera 900.

As described above, the image sensor 100 according to the
present embodiment can be applied to the camera 900.

The camera 900 including the image sensor 100 according
to the present embodiment can improve the quality of an
image to be formed.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A solid-state image sensing device comprising:

a photoelectric converting element which is provided in a
semiconductor substrate and which converts incident
light to a charge;

afloating diffusion which is provided in the semiconductor
substrate and to which the charge is transferred; and
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a read transistor which is provided between the floating
diffusion and the photoelectric converting element in the
semiconductor substrate and which controls the transfer
of the charge, wherein

the floating diffusion includes a metal impurity,

the floating diffusion includes a diffusion layer provided in
the semiconductor substrate, a first semiconductor layer
which is provided on the diffusion layer and which
includes a first impurity, and an impurity region which is
provided in the diffusion layer and which includes the
metal impurity, the impurity region abutting on the bot-
tom of the first semiconductor layer,

the concentration of the metal impurity in the floating
diffusion is higher than the concentration of a metal
impurity in the photoelectric converting element, and

the concentration of the metal impurity in the impurity
region is equal to or less than the concentration of the
metal impurity in the first semiconductor layer and is
equal to or more than the concentration of the metal
impurity in the diffusion layer.

2. The solid-state image sensing device according to claim

1, wherein

a concentration of the metal impurity in the first semicon-
ductor layer is higher than a concentration of the metal
impurity in the diffusion layer.
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3. The solid-state image sensing device according to claim
1, wherein

the floating diffusion includes a silicide layer provided on
the first semiconductor layer, and a contact portion is
connected to the silicide layer.

4. The solid-state image sensing device according to claim

1, further comprising:

a transistor which is provided in a first semiconductor
region within the semiconductor substrate and which
includes a gate electrode, a source/drain diffusion layer,
and a second semiconductor layer on the source/drain
diffusion layer,

wherein the second semiconductor layer includes the same
material as the first semiconductor layer, and

a concentration of a metal impurity in the second semicon-
ductor layer is higher than the concentration of the metal
impurity in the photoelectric converting element.

5. The solid-state image sensing device according to claim

1, wherein

the first semiconductor layer includes a silicon layer
including at least one of phosphorus, germanium, and
carbon as the first impurity, and the first semiconductor
layer includes a gettering site by the first impurity.
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